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ABSTRACT 
 
 
               The present study was conducted in dairy farms in kuku area (East 
Nile  locality-Khartoum State) to investigate bovine mastitis and its related 
risk factors. According to one stage sampling, a total of 2283 milk samples 
were collected from 585 animals. All collected milk samples were 
examined for mastitis using California Mastitis Test (C.M.T). 224 samples 
(9.81%) were found positive to C.M.T, while 600 samples (26.28%) and 
1459 samples (63.9%) were recoerded as doubtful and negative 
respectively. The over all prevalence of subclinical mastitis was 20.17% 
while clinical mastitis was 3.58%. 
 224 samples which were positive to (C.M.T) were cultured for bacterial 
growth. 205 bacterial isolates were recoverd from milk samples cultured. 
The isolated bacteria were Staphlococcus spp. (52.5%), Streptococcus spp. 
(12.3%), Enterobacter spp. (2%), Lactobacillus spp. (2%), 
Coryneformbacterium spp. (13.2%), Micrococcus spp. (4.9%), 
Pseudomonas spp. (5.9%), Bacillus spp. (4.9) and Aerococcus spp. (3.2%). 
The isolated corynebacteria were 27: Corynebacterium striatum 9 
(33.3%), Arcanobacterium pyogene 4 (14.8%), Corynebacterium  
pseudotuberculosis 2 (7.4%), Corynebacterium ulcerans 5 (18.5%), 
Corynebacterium bovis 7 (25.9%).  
                                                                    
 
Susceptibity  of Corynebacteria isolated from mastitic milk to 
commonly used  antibiotics was done using the disc diffusion test. All 
isolated Corynebacteria were found susceptible to gentamcyin. 
Corynebacterium pseudotuberculosis, Corynebacterium  bovis were found 
to be highly sensitive to tetracycline, ofloxacin, ciprofloxacin, cloxacyline, 
cephalexin and ceflotoxine but all of Coryneforms found to be resistant to 
Penicillin (G) (100%).  
Individual cow and farm data were collected. The data analysis showed that 
age, stage of lactation, tick infestation, udder conformation, teat lesion and 
previous history of mastitis were significant for presence of mastitis 
(P<0.05). 
 Application of odd ratio indicated that the above factors could be a risk 
factors for mastitis. A positive correlation  was found between milk 
production and presence of mastitis (P<0.05). It could be concluded that 
bovine mastitis in Kuku area is a serious problem.             
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
 اﻟﺨﻼﺻﺔ 
 
اﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻓﻰ ﻣﻨﻄﻘﺔ ﺣﻠﺔ آﻮآﻮ ﻟﻠﺘﻘﺼﻰ ﻋﻦ اﻟﻜﺮاﻳﻨﻮ ﻓﻮرم ﺑﺎآﺘﺮﻳﺎ ﻣﻦ ﻣﺰارع 
  .ودراﺳﺔ ﺑﻌﺾ اﻟﻌﻮاﻣﻞ اﻟﺘﻰ ﻗﺪ ﺗﻮدى اﻟﻰ ﺣﺪوث اﻟﺘﻬﺎب اﻟﻀﺮع  اﻻﻟﺒﺎن
‘ رﺑﻌﺎ( 0432) اﻟﺘﻲ أﺧﺬت ﻣﻦ ‘ﺗﻢ ﺟﻤﻊ اﻟﻌﻴﻨﺎت ﻋﻦ ﻃﺮﻳﻖ اﻟﻤﺮﺣﻠﺔ اﻷوﻟﻰ ﻟﺠﻤﻊ اﻟﻌﻴﻨﺎت
 ﻋﻴﻨﺔ 006 رﺑﻌﺎ هﻨﺎﻟﻚ 3822ﻴﺘﺎ آﺬﻟﻚ وﺟﺪ ﻣﻦ ﻣﺠﻤﻮع رﺑﻌﺎ ﻣ%( 44,2)75ﺣﻴﺚ وﺟﺪ أن 
ﻋﻠﻰ اﻟﺘﻮاﻟﻲ % 9,36و % 88,62 ﺳﺎﻟﺒﺔ آﺎﻧﺖ ﺑﻨﺴﺒﺔ ﻋﻴﻨﺔ 9541 ﻟﻢ ﺗﻌﻂ ﻧﺘﻴﺠﺔ ﻗﺎﻃﻌﺔ وأن 
ﺗﻢ ﻋﺰل ﻣﻌﻈﻢ اﻟﺒﻜﺘﻴﺮﻳﺎ ﻣﻦ اﻟﻌﻴﻨﺎت اﻟﻤﻮﺟﺒﺔ  واﻟﺘﻲ أﻋﺘﺒﺮت ﺳﺎﻟﺒﺔ ﻹﺧﺘﺒﺎر آﺎﻟﻴﻔﻮرﻧﻴﺎ 
 .ﻋﻴﻨﺔ931ﻟﻺﺧﺘﺒﺎر 
ن إﻟﻰ اﻟﺨﺪﻣﺎت اﻟﺒﻴﻄﺮﻳﺔ ﺑﺎﻟﻤﻨﻄﻘﺔ اﻻ ان اﻟﺘﻬﺎب ﺑﺎﻟﺮﻏﻢ ﻣﻦ ان ﻣﻌﻈﻢ اﻟﻤﺰارﻋﻴﻦ ﻳﻠﺠﺆو
  .ﻣﺎ ﻳﺰال ذو اهﻤﻴﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﺑﺎﻻﻣﺮاض اﻻﺧﺮى % 33اﻟﻀﺮع 
وآﺬﻟﻚ ﺣﺎﻟﺔ اﻟﻤﺴﻜﻦ ﺗﺒﻌﺎ ، ﻟﻘﺪ ﺗﻢ ﺗﻘﻴﻴﻢ ﺻﺤﺔ اﻻﻟﺒﺎن وذﻟﻚ ﺑﻮاﺳﻄﺔ اﻧﻮاع اﻟﺒﺎآﺘﺮﻳﺎ اﻟﻤﻌﺰوﻟﺔ
 اﻟﻤﺴﺎﺣﺔ اﻟﻤﺘﺎﺣﺔ – اﻟﻤﺒﺎﻧﻰ – اﻟﻔﺮﺷﺔ – اﻻرﺿﻴﺔ –اﻟﺘﻬﻮﻳﺔ )ﻟﻠﻤﻌﺎﻳﻴﺮ اﻟﻤﺘﺒﻌﺔ ﺧﺎﺻﺔ ﻓﻰ ﺣﺎﻟﺔ 
  (. ﻟﻜﻞ ﺣﻴﻮان 
ﻣﻦ % 06ﻧﺠﺪ اﻧﺎ ﻟﻠﺴﺠﻼت أهﻤﻴﺔ ﻗﺼﻮى ﻓﻲ اﻻﺳﺘﻘﺼﺎء ﻋﻦ اﻣﺮاض اﻟﺤﻴﻮان اﻻ ان 
  . اﻟﻤﺰارع ﺗﻨﻌﺪم ﻓﻴﻬﺎ اﻟﺴﺠﻼت
)  ﻋﻴﻨﺔ ﺳﺮﻳﺮﻳﺔ و12 %(85.3)ﻣﻌﺰول ﻣﻦ،  ﻧﻮع 502آﺎن ﻣﺠﻤﻮع اﻟﺒﺎآﺘﺮﻳﺎ اﻟﻤﻌﺰوﻟﺔ 
  : وآﺎﻧﺖ اﻟﺒﻜﺘﺮﻳﺎ اﻟﻤﻌﺰوﻟﺔ ﻋﻠﻰ اﻟﻨﺤﻮ اﻟﺘﺎﻟﻰ ،  ﻋﻴﻨﺔ ﺗﺤﺖ ﺳﺮﻳﺮﻳﺔ 481 %(71.02
اﻟﻤﻌﻮﻳﺎت ، % 3.31اﻟﻮﺗﺪﻳﺎت ، % 3.21اﻟﺴﺒﺤﻴﺎت ، % 5,25اﻧﻮاع ااﻣﻜﻮرات اﻟﻌﻨﻘﻮدﻳﺔ 
، % 9.5اﻟﺴﻮدو ﻣﻮﻧﺺ ، % 9.4اﻟﻤﺎﻳﻜﺮو آﻮآﺲ ، % 2اﻟﻌﺼﻮﻳﺎت اﻟﻠﺒﻨﻴﺔ ، % 2
  % . 2.3ﺑﻴﻨﻤﺎ اﻟﻤﻜﻮرات اﻟﻬﻮاﺋﻴﺔ % 9.4اﻟﻌﺼﻴﺎت 
ﻴﺠﺔ ﻟﺘﺤﻠﻴﻞ اﻟﻌﻮاﻣﻞ اﻟﻤﺆﺛﺮة ﻣﺜﻞ اﻟﻔﺮق ﻓﻰ اﻟﻌﻤﺮ ذو اهﻤﻴﺔ ﻓﻰ ﺣﺪوث اﻟﺘﻬﺎب اﻟﻀﺮع ﺑﻴﻨﻤﺎ ﻧﺘ
اﻻﺻﺎﺑﺔ اﻟﺴﺎﺑﻘﺔ ﺑﺎﻟﻤﺮض ، اﻓﺎت اﻟﺤﻠﻤﺎت ، هﻴﺌﺔ اﻟﻀﺮع ، اﻻﺻﺎﺑﺔ ﺑﺎﻟﻘﺮاد ، ﻣﺮﺣﻠﺔ اﻟﺤﻠﻴﺐ 
آﺬﻟﻚ وﺟﺪ ان هﻨﺎﻟﻚ ﻋﻼﻗﺔ ﻃﺮدﻳﺔ  ، وﺟﺪ اﻧﻬﺎ ذات اهﻤﻴﺔ ﻋﺎﻟﻴﺔ ﻓﻰ ﺣﺪوث اﻟﺘﻬﺎب اﻟﻀﺮع 
  . ﻠﺒﻦ اﻟﻤﻨﺘﺞ وﺣﺪوث اﻟﺘﻬﺎب اﻟﻀﺮعﺑﻴﻦ آﻤﻴﺔ اﻟ
آﺎﻧﺖ ﻧﺘﺠﻴﺔ اﺧﺘﺒﺎر اﻟﺤﺴﺎﺳﻴﺔ ﻟﻠﻤﻀﺎدات اﻟﺤﻴﻮﻳﺔ اﻟﻤﺨﺘﻠﻔﺔ ﻗﺪ ﺑﻴﻨﺖ ان اﻟﺠﻨﺘﺎﻣﻴﺴﻴﻦ هﻮ اﻟﻤﻀﺎد 
، اﻟﻜﻠﻮآﺴﻴﻦ ، اﻟﺴﻴﺒﺮوﻓﻠﻮآﺴﻴﻦ ، ذو اﻟﻔﻌﺎﻟﻴﺔ اﻟﻌﺎﻟﻴﺔ وان اﻟﺘﺘﺮاﺳﻴﻜﻠﻴﻦ واﻟﻔﻠﻮآﺴﻴﻦ 
                                                                    
 
ﺟﺪ ان ﺟﻤﻴﻊ اﻻﻧﻮاع ﺗﻘﺎوم اﻟﺴﻔﺎﻟﻮآﺴﻴﻦ و ﺳﻔﺎﻟﻮﺗﻮآﺴﻴﻦ اﻗﻞ ﻓﻌﺎﻟﻴﺔ ﻣﻦ اﻟﺠﻨﺘﺎﻣﻴﺴﻴﻦ ﺑﻴﻨﻤﺎ و
 (ج)اﻟﺒﻨﺴﻠﻴﻴﻦ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
 
INTRODUCTION 
Livestock production systems in Africa are classified into intensive,                          
semi-intensive, and extensive systems according to husbandry practice and 
distribution of pasture that varies with the rainfall, season or cultivated crop 
(Pyne, 1976; Ruthenberg, 1976; DeBoer, 1977; Jahnke, 1977). In Sudan, 92 
% of livestock population is possessed by nomads that follow extensive 
system of husbandry in Eastern, Western and Southern part of the Sudan 
(Kamal, 1983). A mong the Sudanese breeds of cattle, two breeds namely 
Kenana and Butana are known to show high potentiality for milk 
production (Alim, 1960; Osman, 1970; Osman and El Amin, 1971). 
Recently Friesian crosses with local breeds were raised. 
High quality of milk starts with a healthy cow in a clean sanitary 
environment program (Provan, 1961 and Galton, 1984), although simple 
and low cost sound husbandry practices may enable milk to be produced 
with low bacterial count (F. A. O., 1989). Milk is known as an excellent 
medium for multiplication of bacteria if it is processed in an unhygienic 
condition (Vasavada, 1988). Endemic of human disease such as 
tuberculosis, brucellosis and gastroenteritis may result from consumption of 
unheated (pasteurized) milk (Isam, 1997).      
 
                                                                    
 
Mastitis remains the most common and the ambiguity disease of dairy cattle 
through out most of the word. It probably has been observed since man first 
domesticated the cow in the thousands of years since, and in spite of all 
kinds of scientific progress, it remains prevalent in most dairy herds. It is 
estimated that one third of all dairy cows are infected with some form of 
mastitis in one or more quarters (Philpot and Nickerson, 1999). Mastitis is 
often the end result of the interaction of several factors such as man, cow, 
environment, microorganisms and management (Blood, et. al., 1989). 
Mastitis can be defined as an inflammation of the mammary glands caused 
by physical or chemical agents, but the majority of the infections are 
usually caused by bacteria (Quinn, et. al., 1994). Bovine mastitis is of great 
economic importance to dairy industry world wide (Miller, et. al., 1984). 
Growth and multiplication of microorganism in the udder result in tissue 
damage and hence decreasing ability of the udder cells to synthesize the 
major constituents of the milk (Kitchen, et. al., 1984) and also leads to 
injury of the secretary tissue resulting in decreased milk yield (Shuster 
,1989). Moreover, mastitic quarter’s milk yield will never retain to it is 
perfection values (McFadden, et. al., 1984). Similarly, the cost of treating 
the diseased animals and culling of the therapy–resistant cows are the major 
concern to dairy men (Shommein, et. al., 1988).  
The major causes of bovine mastitis are Staphylococcus aureus, 
Streptococcus agalatia and E.coli (Radositis, et. al., 2000), but considerable 
                                                                    
 
reports of bovine mastitis caused by nocardiae related and actinomycetes 
have been reported, that is because of the wordwide distribution of 
actinomycetes e.g. nocardiae and streptomyces in soil (Goodfellow, 1998 
and  Hamid, et. al., 1998)), environment and dust (Hagan and Bruner, 
1988). Actinomyces pyogene was also isolated from mastitic dairy herds 
(Ibtisam, et. al., 1997) Arcanobacterium pyogene is most frequently 
isolated cases of summer mastitis ( Pyörälä, et. al., 1994) which occurs 
mainly in heifers and dry cows, and is typically associated with strong 
clinical symptoms with asuppurative and foul smelling secretion from the 
quarter (Pyörälä, et. al., 1994). Despite treatment, the affected quarter is 
usually lost from milk production. Summer mastitis is most common 
towards the end of summer when Hydrotea irritans,  the fly considered to 
be the main vector of the disease,  is abundant. 
Quarters infected with Arcanobacterium pyogenes  always exhibit clinical 
symptoms and secrete a thick, foul-smelling, greenish fluid. Infections 
result  in a persistent form of mastitis, and invariably lead to loss of the 
quarter and culling of the cow because treatment is ineffective. (Philpot and 
Nickerson, 1999). In lactating cows, infection may occur as aresult of teat 
injuries or improper treatment procedure. No much data is available on 
mastitis caused by other Corynebacterium. 
 
  
                                                                    
 
Objectives of the study 
The main objectives of this study were:  
           1- To determine the prevalence of mastitis in kuku Area. 
2- To isolate and identify the main bacteria encountered in mastitis 
in kuku area with special reference to Corynebacterium. 
3- To examine the in vitro antibiotic susceptibility to isolated 
Corynebacterium. 
4- To evaluate some of the risk factors those affect the occurrence of 
bovine mastitis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
CHAPTER ONE 
LITERATURE REVIEW 
 
1.1 Bovine mastitis 
1.1.1 Definition 
Mastitis is the most common disease that affects adult dairy cows  
(Radositis, et. al., 2000). Mastitis is an inflammation of the mammary 
glands which is characterized by physical, chemical and usually 
bacteriological changes in the milk and by pathological changes in the 
glandular tissues (Blood, et. al., 1983). Mastitis can be caused by physical 
or chemical agents but the majority of cases are usually caused by bacteria 
(Quinn, et. al., 1994) although some investigator believes that the mere 
presence of pathogens in milk is not indicative for mastitis (Newbould and 
Neave, 1965 and Anderson, et. al., 1983). 
1.1.2 Classification of mastitis 
  Mastitis has many forms which are usually classified according to 
their severity (Aiello, 1998). Two forms of mastitis are known: clinical and 
sub clinical mastitis (Blood, et. al., 1989). 
1.1.2.1 Clinical mastitis 
This form of mastitis is characterized by a apparent changes of both 
milk and mammary gland (Blood, et. al., 1989) and it is further classified 
into: 
                                                                    
 
1.1.2.1.1 per acute mastitis 
 Per acute mastitis is a severe inflammation with swelling, heat, pain 
and abnormal secretion in the glands, accompanied by systemic 
disturbances such as fever, depression, rapid or weak pulse, sunken eyes, 
weakness and complete anorexia (Blood, et. al., 1983). Gangrenous mastitis 
is included in this category (Quinn, et. al., 1994). 
1.1.2.1.2 Acute mastitis 
Acute mastitis occurs with similar changes as in per acute mastitis 
but fever; anorexia and depression are slight to moderate (Blood, et. al., 
1983). 
1.1.2.1.3 Sub acute mastitis 
Sub acute mastitis is often not characterized by systemic reaction 
and mared changes in glands and secretions (Quinn, et. al., 1994). 
1.1.2.1.4 Chronic mastitis 
Chronic mastitis is characterized by the absence of systemic signs 
and very few external signs of changes in the udder, but abnormal secretion 
in the glands occur intermittently (Quinn, et. al., 1994). 
1.1.2.2 Sub Clinical mastitis 
This is an invisible abnormality of milk or udder which is 
characterized by an increase in somatic cell and /or leukocyte count 
(Radostitis, et. al., 2000). In this type the infection in the mammary glands 
is detectable only by bacterial culure or by tests such as California Mastitis 
                                                                    
 
Test to demonstrate ahigh leukocyte count in the milk and it is a problem of 
the herd rather than individual animal (Quinn, et. al., 1994).  
1.1.3 Milk abnormalities 
Abnormalities in the milk occur as discolorations which vary from 
white with few flakes to watery and brownish with fine mealy flakes 
(Aiello, 1998). Clots or flakes usually indicate sever degree of 
inflammations and flakes at the end of milking may be indicative of 
mammary tuberculosis in cattle (Blood, et. al., 1983). 
Wateriness in a fist ten streams is considered to be normal, and also clots 
and small plugs of wax in the first few days after calving, especially in 
heifers. During the dry period in normal cows, the secretion changes of 
normal milk to clear watery fluid, honey and finally to cholesterol in the 
last few days before parturition (Blood, et. al., 1983). 
1.1.4 Udder abnormalities 
Abnormalities of the udder varied according to the severity of the 
inflammation (Aiello, 1998). He also reported that in severe cases there 
may be early gangrene, abscess may develop in the glandular tissues; 
diffused swelling accompanied by heat and pain is marked to acute 
inflammation. Local areas of fibrosis may occur in a quarter, vary in size 
from peak-like lesion to masses as large as a fist (Blood, et. al., 1983). In 
sever chronic mastitis the affected glands gradually become less productive 
and may atrophied and slowly become firm (Aiello, 1998). 
                                                                    
 
1.1.5 A etiology 
1.1.5.1 A etiology   of clinical mastitis 
  Microbial causes of clinical mastitis include Staphylococcus aureus 
(Bryson, 1973), Streptococcus agalacia (Gonzalez, et. al., 1988), 
Escherchia coli (Schukken, et. al., 1989). Staphylococcus epidermidis 
(Verma, 1977), Psedomonas aeruginosa (Howel, 1972), Klebsiella 
pnemoniae, Proteus spp. (Park, 1979), Streptococcus dysagalacia 
(Schaufuss, et. al., 1969), Streptococcus uberis, Streptococcus faecalis, 
Streptococcus faecium, Streptococcus bovis (Farah, 1992), Micrococcus 
spp. (Jha, et. al., 1994), coagulated negative Staphylococcus (Gonzalez, et. 
al., 1988), Pasteurella haemolytica (Kiper and Paulsen, 1988), Pasterurella 
multocida (Pasco 1960; O’sullivan, et. al., 1971), Corynebacterium spp. 
(Shalalli, et. al., 1982), Mycobacterium spp. (Oudar, et. al.,  1966), Bacillus 
cereus (Nielsen, 1972). Yersinia pseudotuberculosis (Messerili, 1972), 
Serratia marcensce (Kim and Kim, 1972) and  Mycoplasma spp. (Blood, et. 
al., 1989). However, the predominate bacteria incriminated in acute bovine 
mastitis was Staph. aureus. (Bryson, 1973; Pearson and Macki, 1979 and 
Innes and Lynch, 1990) followed by Streptococcus agalacia (Gonzalez, et. 
al., 1988 and Innes and Lynch, 1990) or Escherichia coli (Jha, et. al., 
1994). 
 
 
                                                                    
 
1.1.5.2 A etiology of sub clinical mastitis 
  As in the case of clinical mastitis, many organisms were also isolated 
from cases of subclinical mastitis, they include Staphylococcus aureus, 
Staphylococcus epidemidis, Streptococcus agalacia, Streptococcus 
dusagalacia, Streptococcus uberis, Eschcrichia coli, Pseudomonas 
aeruginosa, Klebsiella Pneumoniae  (Aydin, et. al., 1992), 
Corynebacterium spp., Micrococcus spp., (Costa, et. al., 1998 ), 
Streptococcus lactis and Streptococcus faecalis (Keskintepe, et. al., 1992). 
1.1.5.3 A etiology of bovine mastitis in Sudan 
Bovine mastitis was first reported in Sudan in 1953 (Annual Report 
of the Sudan Veterinary Service, 1953), the first survey of causal organisms 
of chronic mastitis in herds was done on 57 cows, 33 showed indurations of 
one or more quarters, 10 showed slighter degree of indurations, and 14 
cases had normal udders. The isolated causative agents were Staphylococci 
and Streptococci (Wakeem and El-Tayeb, 1962). Bagadi (1970a) 
investigated  a etiology of bovine mastitis in seven herds of cattle in three 
provinces in the Sudan both clinically and bacteriological. He found that 
Staphylococcus aureus was the most common causative agent which was 
isolated from clinical (92.2 %) and sub clinical cases (44.2 %). Obeid 
(1983) tested a total of 763 composite milk samples, the most commonly 
isolated organisms were: Strep. agalacia (29.5%), Staph. aureus (16.9%), 
Staph. albus (6%), Streptococcus spp. (1.7%), Micrococcus spp. (1.6%) and 
                                                                    
 
Coliforms (0.7%). Abdel Rahim, et. al. (1990) found that the predominant 
pathogen encountered in bovine mastitis were Staphylococcus spp., 
Corynebacterium spp., and E. coli. Actinomyces pyogenes constituted 
9.77% out of bacteria isolated from 173 mastitic cases 7 of these cases due 
to Actinomyces pyogenes infection were found to be hemolytic (Ibtisam, et. 
al., 1997) Nocardiae was isolated from bovine mastitis by Shigidi and 
Mamoun (1981) which isolated N. asteroids.   Hamid, et. al. (1998) isolated 
N. farcinica from mastitic Zebu cattle in Elobaid. 
1.1.6  General epidemiology 
  Pathogens causing mastitis often enter via the teat canal and the 
infection often occurs when the teat sphincter is slack, for a period of 20 
minutes to 2 hours after milking (Quinn, et. al., 1994). On the other hand, 
both the beginning and the end of the dry period represent times of 
increased risk of intrammary infections (Eberhart, 1986). The infections 
come mainly from the contaminated udder or the environment (Blood, et. 
al., 1993). Also the cow and seasonality play an important role in the 
infection (Leslie, 2003). Herd mastitis can be caused both by environmental 
and contagious pathogens which may occur separately or simultaneously 
(Bodman and Rice, 2003), while environment infection with Streptococci, 
Klebseillae and Enterobacters occur more frequently early in the dry 
period. On the other hand, E. coli infections tend to occur immediately 
before or after calving (Smith, et. al., 1985a). Mastitis caused by these 
                                                                    
 
organisms is much less frequent but when they do, the disease is more 
resistant to hygienic control measures (Blood, et. al., 1983). Also the 
variation in the load of coli forms and environmental Streptococci in the 
environment are important predictors of new infection rates (Smith, et. al., 
1985b). 
The rate of new intramammary infections is significantly higher in the dry 
period than during lactation (Eberhart, 1986). The greatest increase in 
susceptibility is during the first three weeks of the dry period, in which the 
new infection rate is higher than during the preceding lactation, while the 
second period of heightened susceptibility occurs just prior to calving and 
in the immediate post partum period (Bush and Oliver 1987). The 
organisms are primarily contracted from contamination of udder by manure, 
bedding (Eberhart, 1986), and contaminated milking machine cups (Blood, 
et. al., 1983). Successful results were obtained when Saluiemi, (1980)  
transmitted the infection in bovine by milking with hands, which had been 
wetted with mastitic secretion. 
According to (Casirani, et. al., 2002) it is still difficult to assess objectively 
the impact of milking machine on teat tissue, so panel was done included 
teat shape, assessment, teat skin, teat apex visual scoring and teat thickness 
measured before and after milking. Poor milking procedures, teat injuries, 
teat score and milker’s behavior play a secondary role as a predisposing 
factors in transmitting and distributing the disease among herds (Aiello, 
                                                                    
 
1998). There are also important herd-level effects, such as the prevalence of 
existing infection at drying off and the method of drying off (Bush and 
Oliver, 1987). The average rate of new infection in untreated dry cows is 
expected to be between 8 and 12% of quarters (Eberhart, 1986). The ability 
and severity of the infection depend on the characteristics of the organism 
and its ability to adhere to mammary epithelium, to colonize the teat duct 
and it’s resistance to antibiotic therapy (Blood, et. al., 1983).   The 
transmission mechanisms which depend on the bulk of infections in the 
environment including infected quarter, efficiency of milking personnel and 
high milking speed also play their role in the severity of the infection. 
Susceptibility of cows to mastitis is determined by its lactation stage, age 
and level of inherited resistance which include teat shape and the anatomy 
of the teat canal   (Leslie, 2003). Cousins, et. al.  (1980) suggested that the 
teat canal is more easily penetrated by bacteria during the early dry period. 
Similarly, swelling of the mammary gland and the increasing volume of 
secretion, contribute to high risk of new infection during the prepartum 
period. Sometimes mastitis arises as a sequel of toxin production in the 
alimentary tract following traumatic reticulitis and reticuo-pericarditis or as 
a result of infection of the reproductive organs, or may follow as 
complication of heart, kidney and other diseases (Illin and Pospetov, 1968). 
The environmental mastitis increases during the wet weather, which was 
observed by Costa, et. al. (1998), who suggested seasonal influence. 
                                                                    
 
1.1.7 Economical impact 
Mastitis is considered as the most important and main disease of 
dairy cows (Kaneen and Bandhard, 1990). It is of great economic 
importance due to the reduction in milk yield, change in milk quality; the 
possibility of permanent damage of aquarter or even the entire udder and 
death of the cow (El Tayeb, and Habiballa, 1978). The loss of milk yield 
due to clinical mastitis may reach 40 % where as in sub clinical mastitis it 
may reach 60% (Dijkhuizen and Stelwagen, 1981). 
Estimates showed that an affected quarter suffers 30% reduction in 
productivity and is estimated to lose 15% of it is production (Blood, et. al., 
1983). Infection in late lactation had 48% reduction in yield, compared with 
11% depression on dry period after calving (Blood, et. al., 1983). Even 
more the loss is supplemented by loss of about 1% of total solids by change 
of the composition of casein, fat, lactose and glycogen which are reduced, 
whereas whey proteins, pH and chlorides are increased (Blood, et. al., 
1983). The additional danger of the contaminating bacteria in the milk for 
human is its unsuitability for human consumption and in transmission of 
tuberculosis, Streptococcal sore throat and brucellosis (Aiello, 1998). 
The coast of treating the diseased animals and culling of the therapy-
resistant cows are of major concern to dairy man (Shommein, et. al., 1988).   
Longo, et. al. (2001) found that the total of economic losses due to clinical 
mastitis were 1307 FF (218US) for E. coli mastitis and 891 FF (148US) for 
                                                                    
 
Gram-positive mastitis. Increasing culling and loss of life caused by Staph. 
aureus, E.coli and nocardial mastitis are much less occasioned (Blood, et. 
al., 1983). 
Blood, et. al. (1989) suggested that the total economic loss by mastitis are 
composed of the following items: 
Items                                                       Percentage of total value 
Value of production lost                                                      70% 
Value of cows lost by premature culling                             14% 
Value of milk discarded (down graded)                               7% 
Treatment and veterinary expenses                                      8% 
Others                                                                                    1% 
  1.1.8 Control of Mastitis 
  Improvement in udder health has been a major initiative of the dairy 
industry and this depend on the implementation and use of management 
technique to limit the spread of major mastitis pathogen, by reducing the 
quarter infection rate (Philpot and Nickerson, 1999).  
According to Radostitis, et. al. (2000), veterinarian usually become 
involved in mastitis control in one of the following circumstances: 
- The herd is experiencing a higher than normal incidence of clinical 
cases. 
- The milk processing reports a higher than permissible total bacterial 
count or bulk milk somatic cell count.  
                                                                    
 
- A farmer who is not carrying out the standard program of post 
milking teat dipping and  dry period treatment asks for advice –either 
as a single mastitis control program or more probably, as part of a 
herd health management program. 
 The benefit of an integrated mastitis program is improving udder 
health; this improvement is progressive and can usually be observed 
with a few years after implementation at the herd level (Blood, et. al., 
1983). They also found that in closed monitored herd applying the 
control measure there can be a significant reduction in the animal 
incidence of clinical mastitis.  
1.2 Actinomyces mastitis 
 1.2.1 Actinomycetes mastitis in Sudan  
In Sudan, there were numerous reports of mastitis in goats caused by 
Nocardia spp. ( Daffalla and Gharib,  1958, Ibrahim, 1968 and Maldonado, 
et. al., 2004). Bovine mastitis due to nocardiae has also been described in 
the Sudan by (Shigidi and Mamoun, 1981and Hamid, et.al., 1998).   
Abd El Rahman (2001) found that out of the 170 milk samples, 50 
actinomycete isolates were identified by using phenotypic identification 
scheme which revealed the following clusters: Nocardia  farcinica 18%, N. 
braseilensis 14%, N. carnea 10%, N. asteroids 8%, N. otitidscavarium 6%, 
and 24% un-identified Nocardia- like organisms, Streptomyces spp. 10%, 
Dietzia spp. And Williamsia spp. as 6% and 4% respectively. 
                                                                    
 
       1.2.2 Corynebacterium mastitis  
Corynebacterium spp. alone was found to be associated with clinical 
mastitis (Kurek, 1973 and Jha, et. al., 1994). And in some areas they were 
incriminated as the second most common bacteria isolated from bovine 
mastitis (Shalalli, et. al., 1982). The corynebacterium spp. isolated from 
bovine udder includes Coryebacterium pyogenes, Corynebacterium bovis, 
Corynebacterium mursiseptium, Corynebacterium xerosus, 
Corynebacterium alcerance and Corynebacterium striatum. (Higgs, et. al., 
1967). Although Corynebacterium bovis is usually thought to be 
saprophytic, it has been incriminated as disease producing organism that is 
associated with mild udder infection (Bourland, et. al., 1967; Timms and 
Schultz, 1987). Moreover, Costa, et. al. (1998) isolated Cornebacterium 
bovis alone or mixed with streptococcus spp. from clinical and subclinical 
cases of bovine mastitis. 
1.2.3 Arcanobacterium pygenes mastitis 
Arcanobacterium pyogenes has undergone two names changes in 
recent years; it was formerly called Actinomyces pyogenes and before that 
Corynebacterium pyogenes it was found that the actinomycetes comprise 
aheterologious group of prokaryotes, which have the ability to form Gram-  
Positive, branching filaments of less than 1mm diameter (Carter et. al., 
1994). Sporadic cases of mastitis caused by Arcanobacterium pyogenes 
occur but its major importance is in relation to endemic areas (Radostitis, 
                                                                    
 
et. al., 2000). Arcanobacterium pyogenes is found in two forms of mastitis; 
sporadic cases of suppurative mastitis, mostly in housed cattle, referred to 
as pyogenes mastitis; a clinically similar disease which occurs in out breaks 
in cattle during the summer months in Europe and  Scandinavia  and  is 
referred to as summer mastitis (Radostitis, et. al., 2000). Arcanobacterium 
pyogenes is most frequently isolated from cases of summer mastitis; other 
frequently isolated pathogens include Streptococcus dysgalactiae, 
Peptostreptococcus indolicus, Fusobacterium necrophorum and Bacreroids 
species. ( Pyörälä, et. al., 1994). The author also reported that 
Arcanobacterium pyogenes is an opportunistic bacterium, which can also 
normally be isolated from the mucous membranes of the cow. The bacteria 
produce necrotizing haemolysines and proteolytic enzymes, which are 
responsible for serious tissue destruction. Several of the summer mastitis 
bacteria live in a type of synergistic symbiosis enhancing the virulence 
factor of each other;  Arcanobacterium pyogenes and F.necrophrum, for 
example, enhances each other’s growth and toxin production. It is often 
suggested that the first species to colonize the teat is Streptococcus 
dysgalatiae, which subsequently provides a better environment for Arcano. 
pyogenes, thereafter the anaerobes invade the udder (Philpot, et. al., 1991). 
The organism is rarely present in pure culture in the naturally occurring 
disease and is not the specific cause of summer mastitis; because when the 
organism is applied to the teat skin at the end of the teat, infection of the 
                                                                    
 
quarter does not occur unless the teat end is injured when anaerobic bacteria 
are also involved in the infection (Blood, et. al.,1989), these bacteria are 
Peptostrepotococcus indolicus, Fusobacterium necrophorum, Bacillus 
(Bacteroides) melaninogenicus, Furobacterium spp.   Bacteroidaceae and  
Micrococcus spp. also involved. These bacterial species are found on the 
teat, conjunctiva and oral cavity of healthy cattle. Fusobacterium 
necrophorum recovered almost exclusively from the oral cavity. P. 
indolicus and A. pyogenes most frequently from teat skin (Blood, et. al., 
1989). P. indolicus is an anaerobic bacterium which causes purulent 
infections, secreting coagulase similar to Staphylococcus aureus and P. 
indolicus bacteria are also considered to be the cause of the characteristic 
smell of the secretion ( Pyörälä, et. al., 1994). 
1.2.3.1  Special epidemiology 
1.2.3.1.1 Occurrence and prevalence of infection 
Bovine mastitis caused by Arcanobacterium pyogenes occurs only 
sporadically and is most common in dry cows or pregnant heifers although 
lactating cows may also be affected (Radostitis,  et. al., 2000).  They also 
found in the united kingdom, Japan, Northern Europe, Florida and 
infrequently in group of countries scattered all over the world there is a 
much high incidence of suppurative (summer mastitis) during the summer 
months when non- lactating females are left at pasture and not kept under 
close observation.  
                                                                    
 
1.2.3.1.2 Source of infection and mode of transmission 
The portal of infection is unknown and the method of spread is 
uncertain in sporadic cases but insects, especially biting ones such as 
Hydrotoea irritans, appear to play an important role in out breaks of 
(summer mastitis) according to Philpot and Nickerson (1999), while the 
prevalence of the disease is related to the peaks of fly populations and the 
prevailing climate, especially the wind force and direction (Radostitis,  et.. 
al., 2000). 
1.2.3.2 Pathogenesis 
Radostitis, et. al. (2000) suggested that the infection is carried from 
udder to udder by flies and that massive invasion of the mammary tissue 
occurs via the teat canal, the greater part of the gland is affected at the first 
attack, causing a severe systemic reaction and loss of function of the entire 
quarter. They also found that the disease has been reproduced with 
inoculation of the mammary gland of pregnant heifers with A. pyogenes, F. 
necrophorum and Pepto. Indolicus. All animals developed moderate to 
severe clinical mastitis; 4  out of 10 animals recovered completely and had 
normal lactation after calving in 6 of 10 animals, the course of the disease 
was severe and affected quarters failed to produce milk after calving . 
1.2.3.3 Clinical finding 
   Mastitis caused by A. pyogenes is usually per acute with a severe 
systemic reaction, including fever (40-41˚C) 105-106˚F, rapid heart rate, 
                                                                    
 
complete anorexia, and severe depressive and weakness, while abortion 
may occur during this stage (Radostitis, et. al., 2000).  In almost all cases 
only one quarter is affected, most commonly affront, the teat is swollen and 
inflamed and the quarter is very hard, swollen and sore; the secretion is 
watery with clots early and later, secrete a thick, foul-smelling, greenish 
fluid ( Philpot, et. al.,1991). Affected cows usually carry a large fly 
population (Radostitis, et. al., 2000). If the cow survives the severe 
toxemia, the quarter becomes extremely indurate and abscesses develop, 
later rupturing through the floor of the udder, commonly at the bas e of the 
teat (Radostitis, et. al., 2000). These may be presented as being chronic 
cases but they are usually residual after an acute episode. True gangrene, 
such as occurs in Staphylococcal mastitis, rarely if ever occur in un 
complicated infections with A. pyogenes but quarters may be so severely 
affected that sloughing occurs, invariably lead to loss of the quarter and 
culling of the cow because treatment is ineffective (Philpot, et. al., 1991). 
Also they found that lameness in the hind limb on the affected side occurs 
in some cases, and the limb joints may be swollen. The function of the 
quarter is per monthly lost and cow which has calved recently may go 
completely dry (Radostitis, et. al., 2000). Severe thelitis with obstruction of 
the teat is a common sequel, where partial or complete obstruction of the 
teat and damage to the teat cistern can also occur independently of an acute 
attack by mastitis; fetal, growth retardation are thought to be a feature of 
                                                                    
 
calves born to cow’s affected by summer mastitis during pregnancy, while 
in lactating cows, infection may occur as a result of teat injuries or 
improper treatment procedures (Philpot, et. al., 1991).   
(Pyörälä, et. al., 1994) mentioned that summer mastitis is very seldom fatal, 
the condition of the cow usually returns to normal quite quickly, secretion 
stops gradually and the quarter hardens and atrophies also abscesses may 
burst from the diseased quarter on the surface of the udder.  
1.2.3.4 Clinical pathology 
Isolation of the organism and determination of its sensitivity to 
antimicrobials is required. Freezing of milk samples reduces the number of 
samples giving appositive cultural result (Radostitis, et. al., 2000). 
1.2.3.5 Differential diagnosis 
The seasonal incidence of the disease in some areas, the acute 
inflammation of the quarter, the suppurative nature and putrid odor of the 
milk, the development of abscesses and the severe systemic reaction make 
this form of mastitis one of the easiest to  diagnose clinically in cattle 
(Radostitis, et. al., 2000). 
1.2.3.6 Prognosis and treatment 
Summer mastitis normally responds poorly to treatment and the 
affected quarter is typically lost for milk production and failure of therapy 
is due to the extensive purulent processes in the udder and not to 
antimicrobial resistance (Radostitis, et. al., 2000). They also mentioned that 
                                                                    
 
bacterial isolation from case of summer mastitis was susceptible to 
penicillin G and other β.lactamase antimicrobial, however, penicillin G has 
limited distribution throughout the inflamed udder, while Penicillin G given 
parent rally to experimental case of summer mastitis was effective in about 
40% of cases if treatment was initiated with 32 hours after inoculation. 
In per acute cases parenteral treatment with sodium sulfadimidine or one of 
the tetracycline is preferable and should be accompanied by repeated 
stripping of the quarter, broad spectrum anti-microbial are usually given by  
intra mammary infusion but the quarter is almost always rendered function 
less   (Philpot, et. al., 1991). Moreover clearing of pertinacious debris from 
the affected quarter may be aided by the intra mammary application of 
proteolytic enzymes but the out come as far as the quarter is concerned is 
un likely to be much altered and amputation of the teat to facilitate drainage 
is a common treatment. Even with intensive therapy, at least 80% of 
quarters are rendered useless and may of these which responded are greatly 
reduced in productivity   (Radostitis, et. al., 2000). 
1.2.3.6 Risk factor 
Radostitis, et. al. (2000) reported that the incidence was much higher 
in wet summers and on heavily wooded and low lying farms when the fly 
population is high. They also found that dairy breeds are the predominant 
target, mostly about the end of gestation or in the first few days of the 
lactation, heavy fly populations are a common accompaniment of an out 
                                                                    
 
break and the infection rate of Arcanobacterium  pyogenes in udders is 
much less in housed cattle than in the same cattle at pasture. 
1.2.3.7 Economic importance 
Summer mastitis is a serious disease in that the mortality rate with 
out adequate treatment is probably about 50% and the affected quarters of 
surviving cows are always totally destroyed. In pyogenes mastitis the 
mortality rate is much less but the loss of the quarter mean that the cow 
culled (Radostitis, et. al., 2000). 
1.2.3.8 Prophylaxis 
Many prophylactic measures, including infusion of the quarter when  
cow is dried off, sealing the teat ends with collodion, the most favored 
technique is intramammary infusion with a dry cow preparation (e.g. 
Cloxacillin 500 mg and ampicillin 250 mg in along acting base) at 3-weeks 
interval. Less frequent administration offer less protection an alternative 
intra mammary infusion procedure is to use cephalonium at 4-weekly 
intervals. Some authors repeated that spraying of the udder, for example, 
automatically at watering points, with contact insecticide is also most 
helpful and an alternative to spraying is the use of insecticide (Philpot, et. 
al., 1991). They also reported that impregnated ear tags, or pour-on careful, 
daily examination of dry cows during the summer may enable affected 
quarters to be identified, the cows to be isolated, and the quarters treated at 
an early stage and thus limit the spread of infection, early treatment of teat 
                                                                    
 
lesions to limit bacterial colonization by bacteria, possibly transported by 
flies, is recommended.  The known susceptibility of particular forms and 
particular paddocks on those farms demands proper care in planning 
pasturing of dry cows during the danger period ( Radostitis, et. al., 2000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 
                                                                    
 
CHAPTER TWO 
MATERIALS AND METHODS 
 
2.1 Study area 
The study was conducted in East Nile Locality - Khartoum North 
(Hillat Kuku dairy farms), which is considered to be the largest milk 
producing and marketing area in Khartoum State, and regarded as semi-
intensive system (small holder) of  milk production. Those farms previously 
belonged to Hillat Kuku Dairy Project, which consist of three barns 
distributed in vast space each barn composed of small units contain cattle 
range between few number of cows to large which may reach hundreds of 
them. The scheme had agricultural field, factory to process the pooled milk 
that collected from the farms, Artificial Insemination Center, Veterinary 
Service Unite, Animal Production Institute and Banking services.   
2.2 Study design 
2.2.1 Study population and sampling methods 
The study animals that were sampled are dairy cows mostly Frisian 
cross (cross between Frisian and local breeds namely kenana and Butana). 
Concerning sampling, one stage sampling method was employed as 
described by Thrusfield (1995). Data on individual cow mainly breed; age, 
stage and number of lactations, previous history of mastitis, abnormalities 
                                                                    
 
of the udder and milk, and other data related to mastitis were recorded using 
a special form (Appendix 1). 
2.2.2 Questioner design 
Farm data on knowledge related to level of education and occupation 
of the owner; breed, management, animal health, hygiene status were 
recorded (Appendix 2). The questionnaire survey was done in the study 
area based on the willingness of the owners (Non probability sampling 
method, (Thursfield, 1995)).  
2.2.3 Collection of milk samples 
A total of 2283 milk sample were collected from 585 animals. 
Before the collection of quarter milk samples from the tested cows, the 
udder was thoroughly cleaned with soap and water, rubbed  dried, and the 
teats were disinfected with cotton wool moistened with 70% ethyl alcohol; 
which been allowed to be air dried. The first few squirts of milk were 
discarded. 5-20 ml of milk was collected in a sterile universal bottle. The 
quarter milk samples were kept in ice container and transported as soon as 
possible to the laboratory at the Faculty of Veterinary Medicine, Khartoum 
University, (Shambat). 
2.2.4 California Mastitis Test (CMT) 
   All collected milk samples were examined for mastitis using 
California Mastitis Test. (CMT) was carried out  using the method 
described by (Quinn, et al., 1994). Briefly, equal volumes (5ml) of 
                                                                    
 
commercial CMT reagent (avatar rapid mastitis test Kit-Alvetera Gmbh-
Germany) and quarter milk were mixed and the changes in milk fluidity and 
viscosity were observed. The interpretation of the result was done according 
to the method described by Quinn, et. al. (1994). Negative (0) and trace  
(+/-) were considered as negative and different intensities of positive (1, 2 
and 3) were considered as positive ( Table 1). 
  Table (1): Interpretation of the (C.M.T) results  
CMT 
Score 
Interpretation Visible reaction 
0 Negative Milk fluid and normal 
+/- Trace Slight precipitation 
1 Weak positive Distinct precipitation but no gel 
formation 
2 Distinct positive  Mixture thickness with a gel formation  
3 Strong positive Viscosity greatly increased strong gel  
That is cohesive with a convex surface  
 
 
 
 
 
 
                                                                    
 
2.2.5 Bacteriological examinations  
All samples which were found positive to CMT were cultured for 
bacteriological examination. 
2.2.5.1 Culture Media  
Different culture media were prepared according to instruction of the 
manufacturer or as recommended by Cowan and Steel (1985). The PH of 
different media prepared was adjusted using 10% NaoH and IN-HCL. 
Every step of media preparation was conducted under aseptic condition 
(either under flame or using sterile utensils), while, all prepared cultures 
media were incubated overnight at 37ºC to check their sterility, after that all 
prepared culture media were preserved at 4ºC until they were used. 
2.2.5.2 Preparation of culture Media 
2.2.5.2.1 Collection of blood 
Blood for enrichment of media was collected by veni-puncture of the 
jugular vein of health donor sheep especially fetched for this purpose. 
Blood was defibrinated by using sodium citrate as anticoagulant. 
2.2.5.2.2 Type of Media 
2.2.5.2.2.1 Solid Media 
2.2.5.2.2.1.1 Blood agar (Oxoid CM, 17) 
Consisted of: 
  Proteose peptone      1.5g 
   Liver digest              2.5g 
                                                                    
 
 Yeast extracts                5g 
  Sodium chloride      5g 
  Agar No3     12 g 
  PH                                      7.3  
 Twenty eight grams of blood agar Oxoid, CM17) were suspended in 
one litre of distilled water. It was heated to dissolve completely using 
electronic boiler and then sterilized. The media was then cooled to 50ºC in 
water bath and 5% of sterile sheep blood was added and mixed well. The 
mixture was distributed in to sterile Petri dishes and left to solidify. 
2.2.5.2.2.1.2 MacConkey´s agar (Oxoid CM, 7) 
Fifty two grams of MacConkey´s agar were added to one litre of 
distilled water. It was then dissolved by heating, sterilized and distributed 
into sterile Petri dishes and left to solidify. 
2.2.5.2.2.1.3 Nutrient agar (Oxoid, CM3): 
Consisted of: 
  Proteose Peptone                     12   g 
  Liver digest                                2.5g 
  Yeast Extract                             5   g 
 Sodium Chloride                        5   g 
  Agar No3                                   5   g 
  PH                                                   7.3g                                    
                                                                    
 
Twenty eight grams of nutrient agar were mixed with one litre 
distilled water. It was dissolved by heating, sterilized, poured in sterile Petri 
dishes and left to solidify. 
2.2.5.2.2.1.4 Tinsdale agar medium (Oxoid, CM487) 
  Proteose Peptone    20     g 
  Yeast Extract       5     g 
  Sodium Chloride       5     g 
 L- Cistine        0.24g 
  Agar   15     g 
Nine grams of tinsdale agar base were suspending in 200 ml of 
distilled water. Brought to the boil and dissolved completely (without 
autoclaving). Allowed to cool to 50ºC and  the dehydrated contents of avail 
of Oxoid Tinsdale supplement (SR65) was added. Mixed thoroughly and 
poured into sterile Petri dishes. 
2.2.5.2.2.1.5 Blood agar Slopes: 
The slopes were prepared following the same way to prepare Blood 
agar (Oxoid CM17). Then distributed in 10 ml amount into sterile Mac 
Cartney bottles and allowed to set in the slope position. 
 
 
 
 
                                                                    
 
2.2.5.2.2.2 Semi solid media 
2.2.5.2.2.2.1 Hugh and Leifson´s O.F medium.  
Consisted of: 
  Peptone                                                                       2   g 
  Sodium chloride                                                         5   g 
    K2HPO4                                                                   0.3g 
  Agar                                                                            3   g 
  Bromothymol blue 0.2% aqueous solution              15   ml 
   Sterile Glucose solution                                          10    g 
 
All the components above beside the glucose were added to one liter 
distilled water then steamed to dissolve. PH was adjusted to 7.1 and then 
the mixture was filtered. The indicator was added and the medium was 
sterilized added to 90ml of the medium to give final concentration of 10%. 
It was then distributed in 10 ml volumes into sterile test.                          
2.2.5.2.2.3 Liquid media 
2.2.5.2.2.3.1 Nutrient broth (Oxoid CM 1) 
Consisted of: 
Lab-lemco’ powder                                                     1g 
Peptone                                                                        5g 
Yeast extract                                                                2g 
Sodium chloride                                                          5g 
                                                                    
 
The PH was adjusted to                                              7.2-7.4   
 Thirteen grams of the powder were dissolved in one liter of distilled water 
and sterilized by autoclaving. 
2.2.5.2.2.4 Solutions and Reagents 
2.2.5.2.2.4.1 The Oxidase test reagents 
                 Tertamethl-P-Phenylene diamine dihydrochloride reaget was 
prepared as 1% solution as described by Barrow and Feltham (1993). 
2.2.5.2.2.4.2 Hydrogen Peroxide Solution      
                 It was prepared, as 3% solution and protected from light in a cool 
dry place. It was used for catalase test according to Barrow and Feltham 
(1993). 
2.2.5.2.2.4.3 Bromocrsol purple Solution 
                Bromocresol purple solution was prepared as 0.9% solution in 
distilled water. It used for California Mastitis Test (CMT).  
2.2.5.2.2.4.4 Reagents used in API Coryne 
              Reagent used in API Coryne were described by Pascolil ,et. al. 
(1986). 
2.2.5.2.2.4.5 NIT 1 (5ml) 
 Consisted of 
Sulfanilic acid                                                 0.4 g  
Acetic acid                                                    30   g 
 H2 O                                                             7o  ml 
                                                                    
 
2..2.5.2.2.4.6 NIT2 (5ml) 
 Consisted of: 
 N; N-dimethyl-1-naphthylamine                     0.6g 
 Acetic acid                                                     30  g 
H2O                                                                 70 ml 
2.2.5.2.2.4.7 PYZ (5ml) 
  Consisted of: 
2-methoxy ethanol 
 2.2.5.2.2. 4.8 ZYMA (8ml) 
 Consisted of: 
Tris- hydroxymethyl- aminomethan                   25 g 
Hydrochloric acid (37%)                                     11 g 
 Sodium lauryl sulphate                                       10 g 
 H2O                                                                   100 ml 
2.2.5.2.2.4.9 ZYMB (8ml) 
 Consisted of: 
 Fast blue BB (Active ingredient)                           0.12 g 
  2-methoxyethanol                                             100  ml 
ZYMA and ZYMB were used for B-naphthyl phosphate (PAL) test. 
 
 
 
                                                                    
 
2.2.6 Sterilization 
2.2.6.1 Hot air Oven 
 Glassware like Petri dishes, pipettes, tubes, flasks and glass 
rods were sterilized in hot air oven at 160ºC for one hour 
2.2.6.2 Autoclaving (121ºC 151bs/inº) 
 Screw capped bottles, rubber caps, tips of micropipette, 
media solution were sterilized in autoclave at 121ºC for 15 minutes and 
110ºC for 10 minutes for sugar media. 
2.2.6.3 Disinfection of bench 
  Solution of 70% alcohol was used for bench sterilization. 
2.2.6.4 Culturing Methods 
  The bacteriological culture was performed following the standard 
microbiological technique (Quinn, et. al., 1994).   
One loop full of milk was streaked on 5% sheep blood agar and 
MacConkey agar to detect bacteria that could grow on this medium. The 
plates were incubated aerobically at 37°C for 24 - 48 hours. The plates were 
examined for growth, morphologic features of the colonies, and hemolytic 
characteristic.  
2.2.7 Identification 
Presumptive identification of bacteria on pure culture was done on 
the basis of colony morphology, heamolytic characteristics, Gram-stain and 
biochemical tests: co-agulase test, heamolyses, pigment production, 
                                                                    
 
fermentation of maltose (purple agar +1% maltose). Presence of 
Streptococcus spp. And Enterococcus spp. was determined according to 
CAMP reaction, type of heamolyses, growth characteristic on Edward’s 
medium, and sugar fermentation. Corynebacterium spp. and Bacillus spp. 
were identified based on heamolytic characteristics, catalase test, growth on 
9% NaCl, CAMP reaction, and sugar fermentation tests. Gram-negative 
isolates were identified based on growth on Mac Conkey agar, catalase test, 
oxidase reaction, triple sugar iron agar (TSI), IMVIC test, urease and sugar 
fermentation tests. The differentiation of microbial isolates was carried out 
as summarized in Appendix 3. 
2.3.7.1 Identification system for coryneform bacteria (API Coryne) 
   Identification of the isolated Corynebacterium to species level was 
done using commercial identification kit (API Coryne BIOMERIEUX, 
FRANCE). 
2.3.7.1.2 Principle 
              The API Coryne strip consists of 20 micro tubes containing 
dehydrated substrates for the demonstration of enzymatic activity or the 
fermentation of carbohydrates. These micro tubes are inculated with a 
bacterial suspension, prepared in API Coryne medium that reconstitutes 
the tests. During incubation, metabolism produces colour changes that 
are either spontaneous or revealed by the addition of reagents. The 
                                                                    
 
reactions were read according to the reading table and the identification 
soft-ware. 
2.3.7.1.2 Content of the kit (kit for 25 tests)  
12 API Coryne strips  
  12 ampoules of API GP Medium  
   12 ampoules of API Suspension Medium, 3ml  
   1Mc Farland ampoule, point 6 
   12 result sheets 
   12 incubation boxes  
    1 package insert 
2.3.7.1.3 Preparation of the strips 
                The incubation boxes (trays and lids) were prepared and 5ml 
of distilled water was distributed into the honey-combed wells of the 
trays to create a humid atmosphere. The strains references were 
recorded on the elongated flab of the trays. The strips were removed 
from their packaging and placed in the incubation boxes. 
2.3.7.1.4 Preparation of the inoculums: 
                      The tested organisms were sub cultured onto blood agar and 
incubated at 36ºC ± 2 for 18-24 hours. They were checked to be belonging 
to coryneform bacteria (morphology, Gram stain, catalase etc) and then 
they were prepared in a pure culture. Ampoles of API Coryneform bacteria 
medium were opened and homogeneous bacterial suspension prepared. 
                                                                    
 
These suspensions were used immediately after preparation.( with turbidity 
greater than 6Mc Farland). 
2.3.7.1.5 Inoculation of the strips 
Micro tubes were filled with the inoculated API Coryneform bacteria 
media (sterile mineral oil was added to URE (Urease test), 0 (Negative 
control), GLU (D-glucose test), RIB (D-ribose test), XYL (Xylose test), 
MAN (Mannitool test), MAL (Maltose test), LAC (Lactose test), SAC 
(Saccrose test), and GLYG (Glycogen test) cupules). 
• By using a pipette. Anaerobiosis was ensured in the ADH and 
GEL 
 Tests by filling the cupules with mineral oil to form a convex meniscus. 
The incubation boxes were closed and incubated at 36ºC ± 2 for 18- 24 
hours. 
2.3.7.1.6 Reading the strips 
           After the incubation period, the reaction was developed by adding 
one drop of each of the following reagents and then results were read by 
referring to the reading tables. 
• Adding the reagents: 
NIT test: 1drop each of NIT 1 and NIT 2 
PYZ test: 1 drop each of PYZ 
PyrA, PAL, ß GUR, ß GAL, œ GLU, ß NAG tests: 1drops each of ZYM A 
and ZYM B. 
                                                                    
 
• After 10 minutes, then all the reactions were red according to 
the reading table. If necessary, the strips exposed to a strong 
light (1000w) for 10 Seconds to decolorize any excess 
reagents in tubes Pyr A to ßNAG. 
• The catalase test was performed: add test 1drop of hydrogen 
peroxide (3%) to the ESC or GEL test. Wait 1 minute. The 
appearance of bubbles corresponds to appositive reaction.  
• Record all the reactions on the result sheet.  
2.3.7.1.7  Interpretation of results 
                  Identification was obtained with the numerical profile. 
• Determination of the numerical profile: 
                      On the result sheet, the test is separated into groups of 3 and a 
value of 1, 2 or 4 is indicated for each. By adding together the values 
corresponding to positive reactions within each group, a 7-digit profile 
number is obtained which constitutes the numerical profile. The catalase 
reaction constitutes the 21st test and has a value of 4 if it is positive. 
• Identification according to this was performed using the database 
(V2.0) with the Analytical Profile Index.  
2.3.8 Determination of clinical and sub- clinical mastitis 
Clinical mastitis was recognized by abnormal milk and signs of 
udder infection (abnormalities of the udder). While sub-clinical mastitis 
refers to the existence of inflammation of the udder in the absence of gross 
                                                                    
 
signs; this was established by California Mastitis Test and bacteriological 
examinations. 
2.4 Antibiotic sensitivity test 
  Susceptibility of Corynebacteria isolated from mastitic milk to 
commonly used anti-microbial (Table2) were subjected using the disc 
diffusion susceptibility test (Kirby-Bauer method) (NCCLS, 19190, 1997; 
Quinn, et. al., 1994). Briefly, this was performed as follows: 
- The isolates were transferred to a tube containing 5ml nutrient broth. 
The mixture was incubated at 37ºC until light visible turbidity 
appeared; this was compared with the McFarland 0.5 turbidity 
standard. 
- The isolates were streaked onto Mueller-Hinton agar which 
contained 5% defibrinated blood. 
- McFarland 0.5 turbidity standard was prepared by mixing 0.5ml of 
solution a (o.o48 m BaCL2) and 99.5 ml of solution B 
(0.36NH2SO4). 
- Solution A (0.048MBaCL2): 1.75 gram BaCL2X2H2O was diluted 
in 100 ml distilled water. 
- Solution B (0.36NH2SO4): 1ml H2SO4 was mixed with 100ml 
distilled water  
                                                                    
 
- The antibiotic disc were incubated for 18 to 24 hours at 37ºC and the 
diameters of growth-inhibition were measured in millimeters and 
reported as: 
1- Susceptible: Refers to the response of the pathogens to the anti- 
microbial agent at the normal dosage. 
2- Resistant: the pathogens were not inhibited by the usually achievable 
systemic concentration of the anti-microbial agent.  
- Interpretations of the inhibition zone sizes of anti-microbial agents 
are summarized in Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
2.5 Statistical analysis 
 Microsoft Excel (Windows XP, 2003) and Stata 6.0 for Windows 
98/95/NT were used for data analysis. Descriptive statistics were used for 
all the variables. Chi-square (x2) was used for assessing the statistical 
associations of various factors with mastitis. The logistic regression model 
was employed to obtain the odds ratio (OR) only for those factors which 
gave statistical significant (P<0.05) with regard to mastitis for Instance, the 
factor could be a risk factor when the OR>1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
 
Table (2): Zone size interpretation of anti-microbial agents used 
 
Anti-microbial agent  
 
Disc 
code
 
Disc 
conc. 
 
 
Interpretation    Of Zone Size in Mm 
Resistant   Intermediate   Moderately    Suscept.    
s                                                  
Ampicillin 
Staphylococci 
Non-enteric 
Streptococci 
Enterococci 
Enterobacteriaceae 
Other Organisms 
AP 
 
 
10mg 
 
 
 
≤28 
≤21 
≤16 
≤13 
≤13 
 
- 
- 
- 
- 
- 
 
- 
22-29 
≥17 
14-16 
14-17 
 
≥29 
≥30 
- 
≥17 
≥18 
Erythromycin E 15mg ≤13 14-22 - ≥23 
Kanamycin K 30mg ≤13 14-17 - ≥18 
penicillinG 
Staphylococci 
Streptococci 
Enterococci 
Other Organisms 
 
PG 10Units
 
 
 
≤28 
≤19 
≤14 
≤16 
 
- 
- 
- 
- 
 
- 
20-27 
- 
- 
 
 
≥29 
≥28 
≥15 
≥17 
Streptomycin S 10mg ≤11 12-14 - ≥15 
                                                                    
 
 
 
Anti-microbial agent 
 
Disc 
code
 
Disc 
conc. 
 
 
Interpretation    Of Zone Size in Mm 
Resistant   Intermediate   Moderately    Suscept.   
Tetracycline T 30mg ≤14 15-18 - ≥19 
Ox tetracycline OT 30mg ≤14 15-18 - ≥19 
Chloramphenicol C 30mg ≤12 13-17 - ≥18 
Gentamicin GM 10mg ≤12 13-14 - ≥15 
Nalidixic acid NA 30mg ≤13 14-18 - ≥119 
Cephalothin CF 30mg ≤14mm - 15-17mm ≥18mm 
Ciprofluxacin CP 15mg ≤15mm - 16-20mm ≥21mm 
Cloxacillin CX 10mg ≤14mm 15-20mm - ≥21mm 
 
  Source: Modified from NCCLs (1990 and 1997) and Quinn et al ., (1994) 
 
 
 
 
 
 
  
 
                                                                    
 
CHAPTER THREE 
RESULTS 
3.1. Questionnaire survey 
The results showed that mastitis is regarded as one of common 
diseases in dairy farms in Kuku area (33.3%, n= 10). However, most of the 
dairy farms have access to Veterinary Services as (100% n= 30). The main 
production system adopted was semi- intensive system (small holder) 
(100% n=30). And the stall surface was clay (100% n= 30). Generally, the 
house condition was mostly bad (63.3 % n=19) although in some of them 
was good (36.7%, n= 11). Concerning hygienic status in the dairy farms in 
the study site, thirty owners did not clean the udder or washing their hands 
before and between milking or practiced teat disinfection (100%). Eighteen 
owners (60%) explained the absence of recording system as well as thirty of 
them (100%) did not cull the chronic infected cow with mastitis. All the 
responses to the questionnaire survey are summarized in (Table 3). 
3.2 Mastitis survey 
From 585 examined animals, 224 were found to have mastitis 
according to CMT From 2340 udder quarters of the mastitic animals, 57 
(2.44%) quarters were found blind due to the infection.  The total milk 
samples from all quarters examined by California Mastitis Test given a total 
of 2283 . All positive cases were processed for bacteriological examination. 
The result of mastitis survey in Kuku area was presented in (Table4).    
                                                                    
 
  Table 3: Summary of the questionnaire survey responses by thirty 
owners of the diary farms in Kuku area 
 
Unit 
 
Frequency (%) 
 
 
Common disease 
     mastitis 
     tick borne diseases 
     other diseases 
Tick infestation  
     yes 
     no 
Veterinary  services 
     yes 
     no 
Herd composition 
    dry 
    fresh 
    first calving heifer 
    heavy producing cow 
    combination  
Treatment of mastitis 
   yes 
   no 
Type of housing 
   free stall 
   loose corral 
   stanchion 
  
 
10 (33.3) 
5 (16.7) 
15 (50.0) 
 
26(86.7) 
4(13.3) 
 
30(100) 
0(00.0) 
 
1(3.33) 
2(6.67) 
1(3.33) 
26(86.7) 
0(00.0) 
 
30(100) 
0(00.0) 
 
0(00.0) 
30(100) 
0(00.0) 
                                                                    
 
 
Stall surface 
  concrete 
  mats 
  clay 
  sand 
Cleaning teat and udder 
  yes 
  no 
Teat disinfectant 
  yes 
  no 
 
Milking fresh cows with previously  
infected ones 
  yes 
  no 
Regular examination of  cows for 
mastitis 
 yes 
 no 
Washing  hands before milking 
  yes 
  no 
Recording system 
  present 
  absent 
Milk loss due to mastitis 
  yes 
 
 
0(00.0) 
0(00.0) 
30(100) 
0(00.0) 
 
0(00.0) 
30(100) 
 
0(00.0) 
30(100) 
 
 
 
30(100) 
0(00.0) 
 
30(100) 
0(00.0) 
 
 
0(00.0) 
30(100) 
 
12(40) 
18(60) 
 
29(96.7) 
                                                                    
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   no 
Culling due to mastitis 
  yes 
  no 
Level of  hygiene 
 excellent 
 good 
poor 
Housing condition 
 excellent 
 good 
 poor 
 
1(3.3) 
 
0(00.0) 
30(100) 
 
1(3.3) 
14(46.7) 
15(50) 
 
0(00.0) 
11(36.7) 
19(63.3) 
                                                                    
 
 Table 4: The frequency and percentage of the results of mastitis survey  
 
Unit Frequency (%) 
 
 
Total number of animals 
examined 
Age (years) 
           < 4 
          < 8 
          < 12 
Stage of lactation(month) 
        First (1-3 month) 
        Second (4-7 month) 
        Third (7-9 month)  
 
Condition of the animal 
       healthy 
       not healthy 
Milk production(kg) day 
       ≤ 8 
      ≤16 
      ≤ 24  
 
California Mastitis Test (CMT) 
     positive 
     negative 
Presence of mastitis 
     positive 
     negative 
 
585 
 
 
116(19.83) 
298(50.94) 
171(29.23) 
 
135(23.08) 
274(46.84) 
176(30.09) 
 
 
572(97.78) 
13(2.22) 
 
247(42.22) 
302(51.62) 
36(6.15) 
 
 
224  (9.81%)  
 2059 (  90 .19%)  
 
                  224   ( 9.81%)  
2059 (  90 .19%) 
                                                                    
 
3.2.1California Mastitis Test 
Out of 2283 quarter milk samples, 224 (9.81%) gave positive 
reactivity to California Mastitis Test, while 600 (26.28%) and 1459 (63.9%) 
recorded as doubtful and negative respectively. The different intensity of 
CMT are shown In (Table 5).     
3.2.2: clinical and sub-clinical mastitis 
High prevalence (20.17%) of sub-clinical mastitis according to 
(CMT) was obtained from farms examined while low prevalence (3.58%) 
of clinical mastitis was reported (Table 6).   
3.3 Bacteriological examination 
Two hundred and five bacterial isolates  were  recovered from milk 
samples examined, The isolated bacteria were Staphylococcus spp. 107 
(52.5%),  Streptococcus spp. 25 (12.3%), Enterobacterium spp. 4 (2%) , 
Lactobacillus spp. 4 (2%), Coryneform bacteria 27 (13.2%), Micrococcus 
spp. 10 (4.9%), Pseudomonas spp., 11 (5.9%), Bacillus spp., 10 (4.9%) and 
Aercoccus spp., (Table 7). In this study isolated Corynebacterium were 
Corynebacterium striatum 9 (33.3%), Arcanobacterium pyogene 4 (14.8%), 
Corynebacterium  Pseudotuberculosis 2 (7.4%), Corynebacterium Ulcerans 
5 (18.5%), Corynebacterium bovis 7 (25.9%). 
  
 
 
 
 
 
 
 
                                                                    
 
Table 5: California Mastitis Test Reaction 
 
 
  CMT  
 
 
 
Frequency (%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
61      (2.67) 
 
105    (4.60) 
 
58      (2.54) 
 
600    (26.28) 
 
1459   (63.9) 
 
+++ 
 
++ 
 
+ 
 
± 
 
- 
  
 
 
  
 2283  (100.0) 
 
                        Total 
  
 
 
 
 
 
 
 
 
 
 
                                                                    
 
Table 6: The prevalence of clinical and sub-clinical mastitis based on 
CMT in examined farms at cow level 
  
 
                           Prevalence (%) 
 
 
 
Total number 
of animal examined 
 
 
Clinical 
 
Sub-clinical 
 
 
585 
 
 
(21)3.58               
 
(118)20.17 
 
Clinical mastitis based on detection of udder and milk 
Sub-clinical mastitis based on (CMT) 
Cut off level of CMT: +++, ++, + ≡ + ve             ±, - ≡ - ve 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
Table 7: Gram positive and Negative bacteria isolated 
 
Isolates 
    
 Clinical           Sub-clinical
                    No (%) 
 
Total   
No (%) 
 
Staphylococcus spp. 
Streptococcus    spp. 
Enter bacterium spp. 
Lacto bacillus    spp. 
Coryneform bacterium 
Micrococcus      spp. 
Pseudomonas    spp. 
Bacillus             spp. 
Aercoccus        spp.        
 
 
 
 
 
 
 
 
 
 
 
8 (38.1)                   99(53.8) 
4(19)                    21(11.4) 
--                           4(2.2) 
--                             4(2.2) 
4(19)                   23(12.5) 
1(4.8)                       9(4.9) 
3(14.3)                    8(4.3) 
1(4.8)                        9(4.9) 
--                              7(3.8) 
 
107 (52.5) 
25(12.3) 
4(2) 
4(2) 
27(13.2) 
10(4.9) 
11(5.9) 
10(4.9) 
7(3.2) 
 
Total 
 
 
 
21(100.0)            184(100.0)   
 
205(100.0 
 
 
 
 
 
 
 
 
                                                                    
 
3.4 Anti-biotic susceptibility 
The Coryneform bacteria tested was found to be 100% resistant to 
penicillin G except Corynebacterium ulcer’s (60%) e.g. Corynebacterium 
striatum, Arcanobacterium pyogenes, Corynebacterium pseudotuberculosis, 
Corynebacterium bovis. In contrast Gentamycin was the drug of choice for 
Coryneform (Resistant=0.0 %). While Corynebacterium pseudotuberclosis, 
Corynebacterium bovis were highly sensitive to Tetracycline, Ofloxacin, 
Ciprofloxacin, Cloxacyline, and Cephalexin and with Ceflotaxime 100%. 
Isolated Corynebacterium striatum resistance to Penicillin G (100%), to 
CO- Trimoxazle (75%), to Cephalexin (44.4%), to Tetracycline (44.4%), to 
Cefotaxime (11.1%), to Ciprofloxacin (33.3%), to Pefloxacin (33%), to 
Ofloxacin (22.2%), to Cloxacillin (33.3%), to Erythromycin (88.9%), to 
Clindamycin (33.3%), and to Gentamicin (100%). Similarly isolated 
Arcanobacterium pyogenes were resistant to Penicillin G (100%), to CO- 
Trimoxazle (50%), to Cephalexin (100%), to Tetracycline (50%), to 
Cefotaxime (25%), to Ciprofloxacin (50%), to Pefloxacin (33%), to 
Ofloxacin (50%), to Cloxacillin (50%), to Erythromycin (75%), to 
Clindamycin (25%), and to Gentamicin (100%). The results are 
summarized in (Table 8). 
 
3.5 Risk factors analysis 
Factor such as age, stage of lactation, tick infestation, confirmation 
of udder, teat lesion and previous history of mastitis were found statistically  
                                                                    
 
    Table 8: The percentage of Resistance of some Coryneform against some antimicrobial agents used 
 
Isolates 
No. 
Tested 
P 
10  
unis 
 
BA 
25 
mc
g 
 
PR 
30 
mcg 
TE 
30 
Mcg 
CF 
30 
Mcg 
CP 
5 
mcg 
 
 
 
PF 
5 
Mg 
 
 
 
OF 
5 
mcg 
CX 
5 
mcg 
E 
15 
Mcg 
CD 
2 
mcg 
GM 
10 
mcg 
 
Corynebacterium 
striatum  
 
Arcanobacterium 
 pyogenes 
 
Corynebacterium 
Pseudo tuberculosis 
 
Corynebacterium 
Ulcerans 
 
Corynebacterium bovis 
 
9 
 
 
4 
 
 
2 
 
 
5 
 
 
7 
 
100 
 
 
100 
 
 
100 
 
 
60 
 
 
100 
 
75 
 
 
50 
 
 
00 
 
 
60 
 
 
60 
 
 
 
 
 
44. 4 
 
 
00 
 
 
00 
 
 
40 
 
 
00 
 
44.4 
 
 
50 
 
 
00 
 
 
40 
 
 
00 
 
 
11.1 
 
 
25 
 
 
00 
 
 
00 
 
 
00 
 
33.3 
 
 
50 
 
 
00 
 
 
00 
 
 
00 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
33.3 
 
 
33.3 
 
 
50 
 
 
50 
 
 
20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
22.2 
 
 
50 
 
 
00 
 
 
00 
 
 
00 
 
33.3 
 
 
50 
 
 
00 
 
 
20 
 
 
00 
 
 
88.9 
 
 
75 
 
 
45 
 
 
30 
 
 
50 
 
 
 
 
33.3 
 
 
25 
 
 
00 
 
 
40 
 
 
50 
     
 
00 
 
 
00 
 
 
00 
 
 
00 
 
 
00 
 
P≡penicillinG                     BA≡CO-Trimoxazole              PR≡Cephalexin             TE≡Tetracycline                CF≡Cefotaxime                       
CP≡Ciprofloxacin             OF≡Ofloxacin                           E≡Erythromycin 
PF≡Pefloxacin                 CX≡Cloxacillin                           CD≡Clindamycin        GM≡Gentamicin
                                                                    
 
Significance with regard to occurrence of bovine mastitis in Kuku area (Table 9).  
To quantify these relationship, the logistic regration model was adopted. The 
result showed that age, stage of lactation, teat lesion could be a risk factors for 
presence of bovine mastitis (OR=1.34, 1.59, and 7.31 respectively) (Table 10). On 
the other hand, strong relationship was found between milk production and 
occurrence of bovine mastitis. (P<0.01) (Table11). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
Table 9: The association between the occurrence of mastitis and various 
factors 
 
 
Factors 
 
Χ2 
 
P- value 
 
Age 
 
Stage of lactation 
 
Tick infestation 
 
Conformation of udder 
 
Teat lesion 
 
Previous history of 
mastitis 
 
 
6.50 
 
12.58 
 
89.95 
 
79.87 
 
70.91 
 
175.58 
 
0.039* 
 
0.002** 
 
0.000** 
 
0.000** 
 
0.000** 
 
0.000** 
 
Χ2≡ Chi square       P- value=probability              
 * The difference was significant (p<0.05)      ** the difference was high 
significant (p<0.01) 
 
 
 
 
 
 
                                                                    
 
Table 10: The logistic regression module to demonstrate the association 
between the presence of mastitis and some factors  
 
Factor 
 
 
 
SE 
 
 
OR 
 
 
95% CI 
 
 
Age 
 
Stage of lactation 
 
Tick infestation 
 
Conformation 
 
Teat lesion 
 
Previous history of  
mastitis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0.19 
 
0.22 
 
0.03 
 
0.03 
 
1.90 
 
0.01 
 
1.34* 
 
 
1.59 * 
 
0.15 
 
 
0.08 
 
7.31* 
 
 
0.06 
 
 
 
(1.02-1.76) 
 
 
(1.22-2.08) 
 
 
(0.10-0.23) 
 
 
(0.04-0.15) 
 
(4.39-12.17) 
 
 
(0.04-0.10) 
 
 
 
SE≡ Standerd Error                           OR≡odd ratio    CI≡Confidence Interval 
 *indicated OR > 1 and could be considered a risk factor for presence of 
bovine mastitis 
 
 
 
 
                                                                    
 
Table 11: The relationship between occurrence of mastitis and milk 
production in Kuku area 
 
 
Variable 
 
Mean 
 
SE 
 
95% CI 
 
t-test 
 
P- value 
 
 
Milk 
production 
       (Kg) 
 
 
4.96 
 
 
0.15 
 
 
4.67- 5.25
 
 
51.32 
 
 
0.000** 
 
  SE≡ Standerd Error             CI≡ Confidence Interval            P- value ≡ 
probability ** highly significant (P < 0.01).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
 
CHAPTER FOUR 
DISCUSSION 
 
Mastitis can be defined as an inflammation of the mammary glands caused 
by physical or chemical agent, but the majority of the infections are usually caused 
by bacteria (Quinn, et. al., 1994).  Bovine mastitis is of great economic importance 
to diary industry world wide (Miller, et. al., 1984).  This study on bovine mastitis 
was conducted in East Nile Province - Khartoum North (Hillat Kuku dairy farms), 
which is considered to be the largest milk producing and marketing area in 
Khartoum State, and regarded as semi-intensive system (small holder) of  milk 
production. Those farms previously belonged to Hillat kuku Dairy Project. The 
area was  chosen in accordance to the result that obtain from the Khartoum State 
Ministry of Agriculture and Animal Resources (2003) which conducted survey on 
milk hygiene in Kuku area at the farm level, bulk milk and venders. The survey 
proved that Kuku area is the mostly bad in this concern.  
The questionnaires survey revealed that, most of the owners were poorly managed 
their farms because they didn’t know the basic of farm production management  
and also they are not consult professionals to help them on managing their farms; 
This resulted in a poor performance of dairy production. (Saluiemi, 1980) stated 
that current knowledge on the impact of the production environment on udder 
health is considerable. Moreover, practical experience of mastitis control has 
                                                                    
 
confirmed the importance of the stand structures, ventilation, milking machine, 
management practices, milking technique in particular and hygiene on udder 
health. Also Abdullah (2002) claimed that good management is the key factor on 
controlling the environment for protection and hence mastitis occurrence.     
According to our findings, mastitis is one of common diseases in dairy farms 
(33%), although most of the farmers had access to veterinary services. (Miller, et. 
al., 1984) reported that mastitis is the most common disease that affects adult 
dairy cows. 
 In the farms surveyed, the housing condition were mostly bad (63.3%) this means 
that they even not adopt minimal standard in hygiene and  all of the farms ground 
surface were clay (100%) that reflects on the hygiene status. Also ventilation, the 
space allows for the cows and wetness in the farm reflected in poor production. 
Saluiemi (1980) reported that in loose housing, the movements of the cows getting 
up and down are less restricted than when cows are confined, the lying area is 
usually contaminated with ample layer bedding and is therefore soft. In all farms 
surveyed, milkers didn’t clean udders and teats before and after milking which 
may lead to milk contamination and udder infection. Saluiemi (1980) reported that 
if there is mastitis problem with cows in a loose house the cause is often poor 
milking hygiene or a faulty milking machine. Muddy outside pen or faulty 
ventilation, often combined with wet cubicles, which lead to mastitis problem 
caused by environmental pathogens (Radostits, et. al., 2000). 
                                                                    
 
Sixty percent of the owners explained the absence of recording system in their 
farms, although records are an important part in monitoring the incidence of any 
disease.  Mastitis is one of the few diseases where detailed analysis of the data can 
be used to help in the control of infection, that according to  (Philpot, et. al., 
1991). At the same time, they did not adopt culling chronically infected cows; 
Culling is used in mastitis control because infected udders are sources of new 
infection  (Radostits, et. al., (2000). 
 Milk hygiene could also be evaluated by bacterial isolation from the milk 
samples. In the present study, the bacteria isolated from the milk were 
predominated, by Staphylococcus Species and Streptococcus Species, these 
bacteria may originate from udder infection or contamination due to miss 
management practices such as poor milk system (hand milking). Earlier studies 
showed that this method does not only reflect infection but also the possible 
contamination of milk in its passage through the milking process. (Nyaga, et. al., 
1982 and Gonzalez, et. al., 1988). Comparable results were reported by (Elliot, et. 
al.1976; El Tayeb and Habiballa, 1978; Hinckely, et. al., 1988; Gonzalez, et. al., 
1988; and Zingeser, et. al., 1991).  
The predominant bacteria  isolated in the present study were Staphyloccus and     
Streptococcus.  Staphylococcus species are known to cause sub clinical mastitis 
among dairy cattle (Shalalli, et. al., 1982; Zingeser, et. al., 1991 and Aydin, et. al., 
1995). Staphylococcus species may cause high incidence of sub clinical mastitis as 
well as out breaks of clinical mastitis among dairy cows (Keskuntepe, et. al., 
                                                                    
 
1992). However the frequent isolation of this organism may be due to surface 
contamination of milk (Kumar, et. al., 1974). Radostits, et. al. (2000) reported 
that, coagulase negative Staphylococcus (CNS) are commonly isolated from 
normal milk samples, teats canals and teats skin. He also explained that 
streptococcus agalactia is a highly contagious obligate microorganism of bovine 
and a major cause of udder infections. While, Todhunter, et. al. (1995) reported 
that the proportion of intra- mammary infections caused by environmental 
Streptococcus such as S. uberis has markedly increased. In addition, these authors 
indicated that this pathogen is the leading cause of both sub clinical and clinical 
mastitis in dairy cattle worldwide. The frequency of isolation of other organisms 
such as Enterobacterium, lactobacbacilli., was less significant than 
Staphylococcus species. 
In this study, isolated Corynebacterium were Corynebacterium striatum 9 
(33.3%), Arcanobacterium pyogene 4 (14.8%), Corynebacterium  
Pseudotuberculosis 2 (7.4%), Corynebacterium Ulcerans 5(18.5%), 
Corynebacterium bovis 7 (25.9%). 
Corynebacterium species isolated from bovine udder include Coryebacterium 
pyogenes, Corynebacterium bovis, Corynebacterium mursiseptium, 
Corynebacterium xerosus, Corynebacterium alcerance and Corynebacterium 
striatum. (Higgs, et. al., 1967). Corynebacterium spp. alone was found to be 
associated with clinical mastitis (Kurek, 1973; Jha et. al., 1994). And in some 
                                                                    
 
areas they were incriminated as the second most common bacteria isolated from 
bovine mastitis (Shalalli, et. al., 1982).  
Although Corynebacterium bovis is usually thought to be saprophytic, it has been 
incriminated as disease producing organism that is associated with mild udder 
infection (Bourland, et. al., 1967; Timms and Schultz, 1987). Moreover, Costa et. 
al. (1998) isolated Corynebacterium bovis alone or mixed with streptococcus spp. 
from clinical and sub clinical bovine mastitis. The main reservoir is the infected 
gland or teats ducts (Radostits, et. al., (2000). They also reported that in contrast to 
contagious mastitis, environmental mastitis caused by coli forms bacteria for 
example E. Coli, is primarily associated with clinical mastitis, rather than sub-
clinical mastitis.  
The present study also revealed a close positive relationship between isolation of 
bacteria from mastitic milk samples and California Mastitis Test. As all milk 
samples that positive to CMT, specific bacteria was isolated. This means that 
CMT was a good diagnostic tool in the detection of sub-clinical mastitis hence it 
could be most reliable test to be conducted to investigate sub-clinical mastitis in 
the dairy farms of the Sudan. On the other hand the culture method may be used to 
confirm and aid for proper treatment (Sharma and Rajani, 1969; Adlan, et. al., 
1980; Shuklaad Sypekar, 1982), these observation are similar to that of (Motie, et. 
al., 1985 and Bekele and Molla, 2001). Who reported a strong positive correlation 
between the CMT scores and bacteriological results. 
                                                                    
 
 Prevalence of 20.17% of sub-clinical mastitis was obtained, where as 3.58% were 
clinical mastitis, this based on the California Mastitis Test. 
 Risk factors such as age difference, stage of lactation, tick infestation, 
confirmation of the udder, teat lesion and previous history of mastitis were highly 
significant in the mastitis prevalence (p<0.01), this result found to be agreed with 
Saluiemi (1980), who stated that The concentration of antibacterial factors in 
udder secretion are under genetic control and depend on the lactation stage and 
udder health. Moreover the teat canal represent a physical barrier to the 
penetration of bacteria when dilated, the risk of ascending infection is high. The 
teat canal remains open after milking for approximately two hours, in that time the 
cow may lye down during this critical period.  
Tick infestation and teat lesions findings were in contrast with the observation of 
Bekele and Molla (2001), who suggested that heavy tick infestation and teat 
lesions might be responsible for udder infection and also lead to udder 
abnormalities and deformities and blind in teats.  
 The relationship between occurrence of mastitis and milk production was found 
significant (P-value  0.00) when the milk production increase also the risk of the 
infection increase and the animal been very susceptible to the disease, similar 
result were found by Gröhn (2000) contracted the disease, compared to their 
health and general lower yield herd. In contrast to our findings, Eberhart, and 
Guss, (1970) reported that the rate of new intra –mammary infections is 
significantly high in the dry period than during lactation period, also Bush and 
                                                                    
 
Oliver (1987) mentioned that the greatest increase in susceptibility is during the 
first three weeks of the dry period in which the new infection rate is higher than 
during the preceding lactation, and the second period of heightened susceptibility 
occurs just prior to calving and in the immediate post partum period.  
Different Corynebacterial isolates showed varied degree of sensitivity to 
tetracycline, ofloxacin, ciprofloxacin, cloxacyline, cephalexin and ceflotoxine but 
most of them were found to resist penicillin (G), but gentamycin was found to be 
the most sensitive one (100%). On the other hand most of the Corynebacterium 
found resistance to Penicillin (G). Although wide number of antibiotics used by 
farmers in Kuku area for treatment of mastitis with clear missed use, fortunately 
most of isolated bacteria found to be sensitive to antibiotics tested in this study. 
While sensitivity of gentamycin would mostly, suggested as a drug of choice to 
the mastitis treatment in the area.        
Wide use of antibacterial drug has resulted in occurrence of resistant species of 
bacteria and development of resistant bacterial strains among those bacterial 
populations which were earlier susceptible, and found to be matching the 
postulates that established by Saluiemi (1980) that resistance of bacteria to 
Penicillin were known to developed through several mechanisms one of them 
were that production of  β.lactamase; also he added that resistant bacteria become 
dominant in countries where antimicrobials have been used for along time. On the 
other hand, Radostits (2000) claimed that bacterial isolates from cases of summer 
                                                                    
 
mastitis are susceptible to penicillin (G) and other produced β.lactamase 
antimicrobial.                                                              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                   CONCLUSIONS AND RECOMMENDATIONS 
 
CONCLUSIONS: 
                                                                    
 
1- The prevalence of mastitis found to be High (20.17%) for the sub-clinical 
mastitis while low prevalence (3.58%) for clinical mastitis     in farms 
examined. 
2- Poor farms management affect occurrence of mastitis in the study farms. 
3- California Mastitis Test is a good for epidemiological survey of sub-clinical 
mastitis.  
4- Different Corynebacterium species were isolated from the clinical cases of 
mastitis. 
5- Corynebacterium species isolated, found to be highly sensitive to 
Gentamycin. 
 
 
 
 
 
 
 
 
RECOMMENDATIONS: 
 
          Based on the results of the present study the followings are             
recommended: 
                                                                    
 
1- Farm management should be seriously considered in controlling mastitis. 
2- Hygiene measurements should be followed to reduce mastitis in dairy 
farms. 
3- Tick control and adoption of culling chronically infected cow will help 
significantly in the control of mastitis.  
4- Antimicrobial sensitivity would be affective if practice before treating of 
infected animal and Gentamycin could be drug of choice for treating 
mastitis due to Corynebacterium infections.             
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                                    Appendix (1): Collection Form. 
 
Owner Name:……………………Address:………………………………. 
Cow NO:……………………Age………………..Breed………………… 
Stage of lactation……………………...General condition ………………. 
Milk production (Kg)……………………………………………………... 
Anatomy of the udder: 
Confirmation: even………………………uneven………………………... 
Teat lesion: present………………………absent………………………… 
Tick infestation: present………………….absent………………………… 
 
CMT result: 
  
- +/- + ++ +++ 
 
 
    
 
Is there any previous history for mastitis? Yes…………..   No………….. 
If yes: - what the kind of treatment received?.............................................. 
 
Type of mastitis: 
1- Clinical………………………………..2-sub- clinical………………… 
Number of teat lost due to mastitis………………..by others…………... 
Isolation /culture:  
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
……………………………………………………………… 
 
                                                                    
 
                            Appendix (2): General questionnaire     
 
Date /………………………………………farm. No…………………… 
 
1 / Personal Data: 
Owner name……………………Sex……………………….age………... 
Level of education illiterateٱ  primary ٱ  secondary     ٱ        graduate ٱ                             
Post graduate ٱ 
Occupation………………………….Address……………………………. 
2 / Herd Data: 
Breed of Animals …………total No. of animals……No of cows……….. 
No. of milking cows:…………………….No. of dry cows………………. 
Source of replacements (milking cows):          Raiseٱ            Purchase ٱ 
3/ Animal health: 
The most common diseases (rank according to importance) 
1-  2-       3- 
4-                                                         5-                                              6- 
Are there any signs of ticks?                  Yes ٱ                                    No   ٱ 
Level of tick infestation?  High ٱ                moderate ٱ                   low ٱ 
Are there any signs of flies’ infestation?    Yes ٱ                                  No ٱ 
Access to Veterinary service?                Yes ٱ                                  No ٱ 
Clinical cases per moth…………………………………………………… 
Where are most clinical cases?          Dry cows ٱ                  fresh cows ٱ  first calf heifersٱ                        
heavy producer ٱ            Combination ٱ 
Number of cows culled for mastitis in previous year?............................... 
Is there any treatment trial for mastitis?       Yes ٱ                            No ٱ 
Cost of treatment …………………………………………………………. 
Are there any reductions in milk production after treatment? Yes ٱ    No ٱ 
4 / Housing: 
Type of housing:             free stall ٱ       loose corral ٱ           Stanchion ٱ  
Type of stall surface:              concrete ٱ       mats ٱ     clayٱ       sand ٱ 
                                                                    
 
Others……………………………………………………………………... 
Type of bedding:                      none ٱ    sawdust ٱ  shaving ٱ    strawٱ  
Others……………………………………………………………………... 
Condition of housing:                 Excellent ٱ        good ٱ                bad ٱ  
Condition of bedding:                Excellent ٱ          good ٱ                bad ٱ  
5/ Hygienic measures: 
General hygiene:            Excellent ٱ               good ٱ                 bad ٱ 
Cleaning of teats and udders?           Yes ٱ                                       No ٱ 
Type cleaning materials:  
Common cloth rag ٱ    paper towel ٱ individual cloth towelٱ    Othersٱ 
Are teat disinfected before and after milking?       Yes ٱ                  No ٱ 
If yes How? :                                       By dip ٱ                         by spray ٱ     are fresh cows 
milked with cows that have clinical mastitis? Yes ٱ  Noٱ 
Is fore milk examined regularly for abnormalities?            Yes ٱ        Noٱ      
Do milkers wash their hands before    ?            Yes ٱ                          Noٱ      
Do milkers wash their hands between cows    ?    Yes ٱ                     Noٱ        
How utensil is cleaned?............................................................................. 
How utensil is disinfected?........................................................................ 
6 /Milk production: 
The average production: Cow per day ………………Herd per year……... 
Availability of production recording system? 
Available ٱ                not available ٱ 
Type of records: Herd recordsٱ breeding records ٱ production records ٱ      Heath records ٱ            
financial records ٱ  
General comments………………………………………………………… 
…………………………………………………………………………… 
…………………………………………………………………………… 
…………………………………………………………………………… 
…………………………………………………………………………… 
                                                                    
 
Appendix 3:   Diagnostic    procedures  applied  for   bacteriological              
isolation (Quinn et al., 1994) 
 
 
1. Biochemical reaction and other characteristics of Staphylococci and Micrococci 
 
 
 
 
Species 
 
Gm 
stain 
 
Catalase 
 
Coagulase 
 
Oxidase 
 
O-f 
glucose 
 
Haemolysis 
 
Pigment 
production 
 
Maltose 
fermented 
 
Poly 
mixinB 
300 unit 
disk 
 
S.aureus 
 
S.intermedius 
 
S. hyicus 
 
S. epidemidis 
 
Micrococcus spp. 
 
+vecocci 
 
+vecocci 
 
+vecocci 
 
+vecocci 
 
+vecocci 
 
+ 
+ 
 
+ 
 
 
+ 
 
+ 
 
 
+ 
 
d 
 
 
- 
 
- 
 
- 
- 
 
- 
 
 
- 
 
- 
 
F 
F 
 
F 
 
 
F 
 
O 
 
+ 
+ 
 
- 
 
 
(d) 
 
- 
 
+/. 
- 
 
- 
 
 
- 
 
- 
 
+ 
± 
 
- 
 
 
+ 
 
. 
 
R 
S 
 
R 
 
 
R 
 
. 
 
Gm. stain Gram- stain                            +ve: positive                                     O-f: oxidation-fermentation  
+ :  90% or more stains positive           -:90% or more stains negative         d:11-89%stain positive 
(d ): delayed reaction                             ±: 90% or more stains weakly positive        .: not known 
s: susceptible                                     R: resistant (zone of less than 10mm) 
 
 
 
 
 
                                                                    
 
2. Biochemical reaction and other characteristics of Streptococci and Enterococci 
 
 
 
Species 
 
 
 
 
 
Gm. 
stain 
 
Cata-
lase 
 
Oxi-
dase 
 
Coagu-
loase 
 
Haemol-
ysis 
 
Aesculin 
hydrolysis 
 
Growth 
on 
MacCo -
nkey 
 
 
CAMP 
 
Sorbitol 
 
salicin 
 
S. agalactie 
 
 S. dysgalactie 
 
S.  uberis 
 
S. pyogenes 
 
S. pneumoniae 
 
Enterococcus 
faecalis 
 
+ 
cocci 
 
+  
cocci 
 
+ 
Cocci 
 
+ 
cocci 
 
+  
cocci 
 
+ 
 cocci 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
ß (œ,  ) 
 
œ (ß, ) 
 
œ (  ) 
 
ß 
 
œ 
 
œ (ß,  ) 
 
- 
 
- 
 
+ 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
+ 
 
+ 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
+ 
 
- 
 
- 
 
- 
 
(+) 
 
- 
 
+ 
 
+ 
 
V 
 
+ 
 
+: positive                                            -: negative 
(+): majority of strain positive          V:  variable reaction  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
3. characteristic of Corynebacterium , Actinomyces , and Bacillus 
 
 
Species GM 
stain 
catalase Oxidase Motility Haemolysis CAMP Growth 
on 9% 
NACL 
Other 
Characteristic 
 
Corynebacteriumbovis 
 
 
Actinomyces pyogenes  
 
 
Bacillus cereus 
 
+  
rods 
 
 
+  
rods 
 
 
+  
rods 
 
- 
 
 
- 
 
 
+ 
 
- 
 
 
- 
 
 
- 
 
- 
 
 
- 
 
 
+ 
 
- 
 
 
+ 
 
 
+ 
 
- 
 
 
+ 
 
 
. 
 
+ 
 
 
- 
 
 
. 
 
Small, white, dry 
colonies 
 
Small colonies  
hazy haemolysis. 
 
Forms endospores, 
clear heamolysis, 
large colonies. 
 
+: positive                                -: negative                                       . : not known 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
4.Characteristics of Gram-negative and oxidase positive rods  
 
 
Species 
 
GM 
stain 
 
Catalase 
 
Oxidase 
 
Motility 
 
Haemol-
ysis 
 
Growth 
on 
Mac- 
.conkey 
agar 
 
Lact-
ose 
 
Other 
characteristics 
 
Aeromonashydrophila 
 
 
 
Pasteurellahaemolytica 
 
 
 
 
Pasteurella multocida 
 
- 
rods 
 
 
- 
rods 
 
 
 
- 
rods 
 
 
+ 
 
 
 
v 
 
 
 
 
+ 
 
+ 
 
 
 
+ 
 
 
 
 
+ 
 
+ 
 
 
 
- 
 
 
 
 
- 
 
 
+ 
 
 
 
+ 
 
 
 
 
- 
 
+ 
 
 
 
+ 
 
 
 
 
- 
 
V 
 
 
 
(-) 
 
 
 
 
(+) 
 
 
Colonies are 
large,and grayish, 
indole +ve. 
 
No smell, indole-ve, 
pin-point colonies 
onMacConkey agar. 
 
 
Colonies with 
sweetish smell, 
indole +ve.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    
 
5.Biochemical reaction of Enterobacteriaceae 
 
                                                                              
 
Species 
 
GM 
stain 
 
Characteristic 
Colony 
 
Oxidase 
 
Motility
(36Cْ) 
 
Urease 
 
Lysine 
decarbox
ylase 
 
IMVIc 
 
Lac-
tose 
 
Sorb-
itol 
 
Mani- 
tpl 
 
 
Escherichiacoli 
 
Klebsiella 
pneumoniae 
 
Enterobacter 
aerogenes  
 
Citrobacter diversus 
 
Serratia marcescens 
 
Proteus vulgaris 
 
Proteus mirabilis 
 
 
 
- 
rods 
 
- 
rods 
 
- 
rods 
 
 
- 
rods 
 
- 
rods 
 
- 
rods 
 
- 
rods 
 
 
 
 
Mucoid(rare) 
 
Mucoid  
 
 
Mucoid  
 
 
Round and 
grayish 
 
 
Red pigment at 
37Cْ 
Foul odor 
 
 
- 
 
- 
 
 
- 
 
 
- 
 
- 
 
- 
 
- 
 
 
(+) 
 
- 
 
 
+ 
 
 
+ 
 
+ 
 
+ 
 
+ 
 
 
- 
 
+ 
 
 
- 
 
 
(+) 
 
(-) 
 
+ 
 
+ 
 
 
 
(+) 
 
+ 
 
 
+ 
 
 
- 
 
+ 
 
- 
 
- 
 
 
+/+/-/- 
 
-/(-)/+/+ 
 
 
-/-/+/+ 
 
 
+/+/-/+ 
 
-/(-)/+/+ 
 
+/+/-/(-) 
 
-/+/(-)/d 
 
 
+ 
 
+ 
 
 
+ 
 
 
d 
 
- 
 
- 
 
- 
 
 
+ 
 
+ 
 
 
+ 
 
 
+ 
 
+ 
 
- 
 
- 
 
 
+ 
 
+ 
 
 
+ 
 
 
+ 
 
+ 
 
- 
 
- 
 
+:90-100%                      -: 0-10% strain positive                                         (+): 76-89%strain positive(-): 11-
25% strain positive  d: 26-75% strain positive  IMVIC: indole red, voges-proskauer and citrate  
 
 
 
 
 
 
 
 
 
                                                                    
 
  6 : Api coryne identification system results  
Tests  Coryne. 
bovis 
Coryne. 
pyogenes 
Coryne. 
pseudodiphtheriticum 
Coryne. 
Pseudotuberculosis  
Coryne. 
ulcerans
Coryne. 
striatum 
Nitrate reduction 
(NIT) 
- - + - - + 
Pyrazinamidase 
(PYZ) 
- - + - - + 
Pyrrolydonyl-
arylamide 
(PYRA) 
+ + + - - - 
Alkaline 
phosphatase 
(PAL) 
+ - + + + + 
ß-
Glucouronidase 
(ß-GUR) 
 
- + - - - - 
ß-Galactosidase 
(ß 
-GAL) 
 
+ + - - - - 
a-Glucosidase (a-
GLU) 
- + - + + - 
N-Acetyl- ß 
Glucosaminidase 
(ß 
-NAG) 
 
- - - - - - 
Esculin (ESC) - - - - - - 
Urease (URE) - + + + + - 
Gelatin (GEL) - + - - - - 
Control (O) - - - - - - 
Glucose (GLU) + + - + + + 
Ribose (RIB) - + - + + - 
Xylose (XYL) - + - - - - 
Mannitol (MAN) - - - - - - 
Maltose (MAL) - + - + + + 
Lactose (LAC) - + - - - - 
Saccharose 
(SAC) 
- - - - - + 
Glycogen 
(GLYG) 
- - - - + - 
Catalase (CAT) + - + + + + 
 
                                                                    
 
 
 
 
 
 
 
 
     
 
